A construction company without a similar information technology (IT) system in the past has insufficient historical data to use for investment decision-making of IT system. An estimation of maintenance costs is especially more uncertain than the initial investment costs, and the uncertainty is greater when the IT system is used over a long period, such as an enterprise system (ES). This study proposes estimation criteria for the maintenance costs of an ES for an accurate investment decision. First, the causes of maintenance are determined, and the level of maintenance analyzed. Then, the result is compared with a general trend of maintenance incidence (bathtub curve) that is widely used as reference criteria to estimate maintenance cost. The level of maintenance was high during the early stage but steadily decreased in the middle and end stage because high-cost maintenance activities were postponed with the approach of the time in which the ES was being restructured. This trend is different from the bathtub curve that increases again during the end stage. Thus, when a maintenance contract is negotiated, the maintenance level that affects maintenance cost should be considered as well as the incidence of maintenance.
Introduction
A company that has not implemented a similar information technology (IT) system has insufficient reference data about required costs for making investment decisions. The problem is especially prevalent in the construction industry because it has implemented IT systems later than other industries such as manufacturing industry. Thus, an investment risk for construction companies is larger if their initial investment costs are larger, such as implementation of an Enterprise System (ES). The ES such as Enterprise Resource Planning (ERP) and Customer Relationship Management (CRM) support several services, including reporting, data analytics, and analysis of information flow for planning, marketing, accounting (Romero, Vernadat 2016) . To correct faults, improve speed, and adapt to environment, the ES are modified after installation, the ES entails a high maintenance cost as well as initial investment (IEEE 1219 (IEEE -1998 Li et al. 2014 ). The maintenance cost may exceed the initial investment because the life-cycle of the ES is long (Nguyen et al. 2011) .
Generally, the contract specifies the criteria by which initial investment and license costs are estimated. However, it has been typically determined to be within 10-15% of the initial investment (Ministry of Knowledge Economy 2011) based on external factors, such as the reputation of an IT company, although the maintenance costs are high. In order to accurately conduct a feasibility analysis on whether to implement an ES, factors that affect maintenance costs should be considered. This study proposes estimation criteria of maintenance costs during the ES lifecycle for improving investment feasibility accuracy.
As the reference criterion, the cost of maintenance during lifecycle can be estimated using the bathtub curve on the basis of an failure incidence (Jiang 2013) . This curve classifies the general trend of maintenance incidence into three stages: 1) failure is high during the initial stage; 2) low during the intermediate stage; and 3) increases during the late stages due to wear-out ( Figure 1 ). In addition to incidences of maintenance, maintenance cost is also affected by the causes, as the causes affect the level of maintenance. Thus, the proposed estimation criteria of maintenance costs in this study are causes and level of maintenance.
To provide reference criteria for the estimation of maintenance costs, this study identified the causes of maintenance based on the following: (a) service level agreement (SLA); (b) previous studies (April 2010; IEEE 1219 IEEE -1998 ISO/IEC 14764 2006) ; and (c) an interview of an IT consult with 15-years' experience with construction and ES operation. The SLA is an agreed level of maintenance between a construction company and an IT company, and the construction company pays the maintenance cost based on the SLA (Ranaldo, Zimeo 2016; Ul Haq et al. 2011) .
The level of maintenance is analyzed based on urgency, difficulty, and damage determined by an interview with the IT consult. Urgency is the priority of maintenance to achieve the goal of the ES. Difficulty represents the complexity of maintenance. The maintainer's status (elementary, intermediate, and advanced) varies with difficulty. Damage represents the effort required for maintenance; e.g. that an advanced maintainer must work for 5 h. For analysis, the lifecycle of the ES was divided into early, middle and end stages (Unger et al. 2009 ), then this study surveyed 30 IT consultants who worked on ES operation to identify factors that affect maintenance cost. Fuzzy inference was used to mitigate the problem of ambiguous language used to expresses these opinions (Mendes et al. 2011; Zhang et al. 2014) . The maintenance levels were analyzed and the result was compared with the bathtub curve ( Figure 1) .
As described earlier, the objective of this study is to propose estimation criteria for the maintenance costs of an ES that will be operating for a long time. The results of this study are applicable as reference data for cost estimation when feasibility analysis is conducted to determine whether to implement an ES. The results are useful for both construction and IT companies during negotiation of a fair maintenance contract.
Literature review
Previous studies identified factors that may affect maintenance cost (Buchmann et al. 2011; Correa et al. 2016; Li et al. 2010; Nguyen et al. 2011; Ren et al. 2011a; Tsu-noda et al. 2015) and provided methods to estimate the development cost of software (April 2010; Matijevic et al. 2012; Ng, Gable 2010; Ren et al. 2011b; Salmeron, Lopez 2012; Sarno et al. 2015) . Several previous studies have proposed a method for the successful implementation of an ES, though these are not directly related to maintenance (Hadidi et al. 2017; Niu et al. 2013 Niu et al. , 2014 Soja et al. 2015; Wu et al. 2009; Xu 2011) . However, the previous studies did not analyze the causes of maintenance or provide reference criteria for estimation of maintenance costs.
Among the previous studies that have analyzed influence factors on maintenance costs, Buchmann et al. (2011) proposed a method to estimate realistic maintenance costs based on less effort and cost required using a multilevel approach. Correa et al. (2016) derived the factors related to maintenance and supporting costs. Li et al. (2010) analyzed influence factors on corrective maintenance activities and described and analyzed the defect type that causes high maintenance costs based on interviews with IT system developers. Nguyen et al. (2011) proposed a method to analyze size and effort by maintenance types and to predict programmer effort for maintenance. Ren et al. (2011a) analyzed the impact of maintenance types and technical and nontechnical factors on software maintenance and proposed an estimation method for maintenance costs. Tsunoda et al. (2015) proposed a benchmark for the efficiency of software maintenance and analyzed the influence factors on efficiency in various organizations.
Previous studies also proposed methods to estimate maintenance costs. April (2010) analyzed the trend of software maintenance for the improvement of maintenance ability and analyzed the difference between software maintenance activities and the project department of information system development. Ng and Gable (2010) compared the government service provider (GSP) ERP maintenance process and maintenance data standard with IEEE/EIA 12207 software engineering standards based on an analysis of GSPs in Australia and proposed a guideline for participants using the difference. Salmeron and Lopez (2012) described an objective for ERP system manager maintenance and proposed predicting the risk impact of the objective.
A suitable system should be selected for reducing maintenance costs. Among the related previous studies, Hadidi et al. (2017) proposed a supporting method of decision-making for the ERP priority module implementation. The expected benefits of ERP system implementation are described and the generally used ERP module in the construction industry is outlined. Then, the ERP priority module was analyzed based on global indices, including a criteria index and module index, using the derived importance index. Niu et al. (2013) proposed a scenario method to analyze the impact of the architecture type on satisfying business requirements for the selection of suitable software architecture among the various alternatives. Niu et al. (2014) proposed a framework for a significant requirements analysis of an engineering enterprise system based on quality attribute scenarios. The requirements include customizability, flexibility, reusability, extensibility, 
proposed a component-based method to develop an industry-oriented ERP system. The objective of the method is to improve operability based on business process modeling and software reuse. Xu (2011) investigated the modeling method of a complicated ES and explained recent trends of ES. Li et al. (2014) conducted research highly relevant for this study and analyzed maintenance activities during a software lifecycle using survey and statistical methods. For the analysis, maintenance trends of the information system were analyzed during each maintenance step of the lifecycle and the steps were divided into three areas: user support (training, consultative, evaluative), repair (adaptive, reductive, corrective), and enhancement (groomative, preventative, performance, enhancive). The results of their research could be used as reference data for industry practices. This study analyzes the level of maintenance based on urgency, difficulty, and damages, and the integrated level of maintenance was also analyzed; estimation criteria for maintenance costs were proposed. This is the main difference between this study and previous studies. Another difference is the research subject. This study considers construction companies that have not experienced an ES in the past.
The influence factors on maintenance and the estimation methods for maintenance costs explored in these previous studies can be described (Table 1) . First, the previous studies identified technical and non-technical factors that affect maintenance cost. The technical factors, related to the characteristics of the system, include the following: complexity; code (quality, lines of code change); document quality (unified programming specification, detailed description); defect location and time of discovery; interfaces to surrounding systems; size of system (program, component, code, class, database); and system architecture (mainframe, web system, client server).
These factors have been used in a constructive cost model (COCOMO), a function point (FP), and a combination of fuzzy theory and statistical methods to estimate software development costs. The maintenance cost is the product of development cost and maintenance rate. However, a construction company who had not previously implemented a similar ES would have insufficient technical knowledge about it. This construction company would have limited information during the planning stage, and would therefore have difficulty applying the existing methods. Especially, maintenance rate is uncertain, and is typically 10-15% of initial investment (Ministry of Knowledge Economy 2011). The main contents of COCOMOs and FPs are as follows:
-COCOMO estimates a cost for system development by quantifying lines of code (LOC). The method requires information about the development size, and is therefore more suitable to obtain a detailed estimate than an approximate estimate. COCOMOs are of three types: 1) the basic type that just estimates LOC; 2) the intermediate type that also considers cost factors such as hardware and individual capacity; 3) the advanced type that further considers cost factors for analysis and design during software development. COCOMO2 was developed for large projects and to improve estimation accuracy during the planning stage. -FPs estimate the size of system quantitatively and qualitatively based on the amount of information processing and functional complexity. A user can understand an FP easily because functions were derived based on the user's requirements. However, development of such functions requires advanced analysis ability. Furthermore, the estimate is ambiguous when the user's requirements were not derived. The non-technical factors include the following: external environment (industry type, business rules, workflow); human (maintainers' skills and experience, changed and non-changed number of maintainers); support time (multiple time zone, working time); equipment; and material (hardware). The factors can be easier to use than technical factors. However, the maintenance cost cannot be estimated based on non-technical factors because the estimate requires quantification of the level of factors to be maintained. For example, human factors such as maintainers' skill and experience affect the maintenance cost but the relationships have not been analyzed. To obtain this information, the causes for maintenance should be identified, then the level of maintenance must be analyzed. If the construction company and the IT company can determine the level of maintenance (e.g. effort and time) that each task requires, they can estimate the expected maintenance cost and use it as a reference when negotiating an SLA. This study proposes estimation criteria for maintenance costs during the lifecycle of a construction company that has no experience with a similar ES. For this proposal, this study analyzes the causes and levels of maintenance to be used as criteria estimations of maintenance costs for ES.
Research model
The proposed method is divided into two steps (Figure 2) . First, the causes for maintenance were derived based on an SLA that is used in 70% of large companies in South Korea (Korea IT Service Industry Association 2006), and on previous studies (April 2010; IEEE 1219 IEEE -1998 ISO/IEC 14764 2006) . Then the causes were classified by an IT consultant who has 15 years of experience with construction and operation of ES. Next, the ES lifecycle was divided to three stages, similar to the bathtub curve (Figure 1) , and the level of maintenance was analyzed based on urgency, difficulty, and damage. Then, the result was compared with bathtub curve and the differences are noted. For analysis of the maintenance level, a survey was conducted using a ten-point to classify maintenance level based on difficulty, urgency, and damage. All respondents (a total of 30 persons) currently perform maintenance work on ES and have at least five years of experience. The survey was conducted from June 20 to July 1, 2016. For the integration of maintenance level, this study used fuzzy inference. A fuzzy inference system based on 'if-then' rules was used to analyze the integrated level of maintenance based on the difficulty and urgency of maintenance, and the level of damage. The basic rule of fuzzy inference is a multiple-input single-output system as follows: 
Fuzzy inference converts information with ambiguous and uncertain boundaries into useful information. For example, 'very low' is not specified as 0.2, but can be anywhere from 0.1 to 0.4. This study applied triangular fuzzy numbers which are expressed as three points l, h, and m (minimum, median, and maximum value, respectively; i.e., l ≤ m ≤ h) and can be easily approached conceptually and can be easily analyzed mathematically (Table 2) (Akay et al. 2011; Shen et al. 2016) .
In this study, for fuzzy inference, the max-min method under Mamdani's method, and the center-of-gravity method were used; these are the most commonly used among methods for fuzzy inference (Camastra et al. 2015) . Mamdani's method uses Min(µA(x)∧µB(x)), i.e., the minimum value between A and B in Eqn (2), then Max(µA(x)∨µB(x)), i.e., the maximum value between minimized A and B in Eqn (3), which are fuzzy synthesis rules. The center-of-gravity method changes the fuzzified analysis results to constant values (Eqn (4)).
Causes for of maintenance
Among the causes of maintenance (Table 3) , first, functional enhancement is development of new modules for users' continual or periodic work. This category includes extraction and confirmation of related data for user's periodic work by coding or query. Next, adaptive maintenance revises functionalities to improve existing system screening and processing, for example by modifying simple algorithms or counting formulas as required by the user. Adaptive maintenance also includes non-functional changes, such as to the screen layout. Third, perfective maintenance improves simple functionality, quality or operability. For example, batch jobs periodically execute programs such as settlement of accounts. Improvement of batch jobs for periodical use is a functional enhancement. Another perfective task to improve the user environment of a developed system for after installation of new programs, or by installing new package versions. Lastly, preventive maintenance averts possible failure of a system by monitoring its workflow to prevent decrease of system speed by such causes as conflict between programs, and accumulation of data. The purpose of data monitoring is to correct or delete erroneous data caused by program faults or input error, and to revise data when the system is modified.
Analysis of the level of maintenance
A previous study divided the lifecycle of a system into four steps: an introduction step for user support, a growth step for repairing the increasing problem, a maturity step for reflection on additional requirements according to a changed work process and user environment, and a decline step for the implementation of a new system using new technology (Hsiang-Jui 2004) . In this study, the proposed four steps are condensed into three steps (early, middle, end step) through interviews with an IT consultant who has 15 years of experience in the planning, construction, and operation of an ES system and the level of maintenance are analyzed. The early step is similar to the introduction and growth steps; the middle step is similar to the maturity step, and the end step is similar to the decline step in the previous study.
The level of maintenance by causes
For functional enhancement, urgency was judged to be more important than difficulty and damage during the ES lifecycle ( Figure 3) . Generally, addition of a new functionality is urgent because the construction company requires it for goal achievement. The importance of difficulty of maintenance and degree of damage were similar during the early and middle stages, but difficulty increased during the final stage, because of incompatibility and conflicts with existing programs.
For adaptive maintenance, the urgency of functionality change was more important than difficulty and damage during the early and middle stage, but lower during the end stage (Figure 4(a) ); this change occurs because the construction company's requirements for functionality change were decreased by planned upgrades of the ES. The urgency of change to simple programs and to non-functions was judged to be more important than difficulty and damage during the lifecycle (Figure 4(b), 4(c) ). However, the urgency decreases during upgrading of the ES because these are not intended to change major functionality of ES but to improve the user's convenience and business efficiency. Difficulty and damage were low because changes to simple programs and non-functions are not major tasks. Overall, the importance of maintenance of functions such as change of functionality and simple programs was higher than of non-functions. In perfective maintenance, urgency of the batch job request and environment setting were higher than difficulty and damage during life cycle ( Figure 5 ). For environment settings, the level of urgency, difficulty, and damage were similar during the end stage because the urgency was decreased by a decrease in the requirement to install new programs. However, the level of difficulty and damage were not decreased by complicated relations among the installed programs during the product lifecycle.
In preventive maintenance, the level of urgency, difficulty, and damage of speed monitoring were higher during in middle and end stages than during the early stage ( Figure 6 ). The cause for this trend is that the speed de- creased over time because the number of programs added and program changes increased, and data accumulated. The importance of urgency of data monitoring was higher than difficulty and damage during the lifecycle because data errors generally lead to bad decision-making. During the early stage, the urgency, difficulty, and damage were all higher than during the middle and end stages because installation of programs and input of data before ES construction caused data errors.
The integrated level of maintenance derived by fuzzy inference
In this section, the analyzed level of maintenance by causes (Section 4.1) is integrated based on urgency, difficulty, and damage using fuzzy inference. For fuzzy inference, 125 'if-then' rules were established (Table 4 ). The levels of difficulty, urgency and damage were divided into 'very high' , 'high' , 'medium' , 'low' , and 'very low' , and fed into Eqns (2)-(4). For example, if urgency and difficulty are VH and damage is M, the result of fuzzy inference is H. In the result of integrated level of maintenance (Table 5), the level of maintenance of new development and change of functionality were all higher than the average level of maintenance during the lifecycle. These maintenance tasks occurred most frequently during the early stage because the IT companies did not satisfy the user's requirement, or because the user's requirement changed. The level of maintenance was also high during middle and end stage due to problems such as compatibility and conflict among programs.
During the early stage, the causes of high maintenance requirements were determined to be environment setting and data monitoring. The causes were that many environment settings were established for the programs that were used before ES implementation; that data errors occurred; and that many changes were caused by program installation, revision and data input during the early stage. For the middle and end stages, the maintenance level of speed monitoring was higher than the average maintenance level. The cause is that accumulated data and added new programs reduce the speed of the ES, so the frequency of maintenance to reduce speed slowdowns increased. Speed slowdowns were not common during the early stage. During the end stage, the level of environment setting maintenance also increased as a result of complex relationships among the accumulated programs.
The integrated level of maintenance was highest during the early stage and decreased steadily until the end stage (Figure 7) . This trend is different from the bathtub curve that represents the general trend of the incidence of maintenance (Jiang 2013) . The level and incidence of maintenance are similar during the early and middle stages, but during the end stage the level of maintenance decreased but the incidence increased; these opposing trends occur because the need for high-level maintenance such as new development or functionality change decreased as a result of planned ES reconstruction during the end stage. Thus, if the construction company negotiates a contract with the IT company based only on the incidence of maintenance, the contract price could differ from the actual cost of maintenance. The results of this study may be used to estimate maintenance costs based on causes and the level of maintenance. The construction company may estimate investment costs based on the actual required costs of maintenance, and the IT development company may negotiate the fair costs of maintenance separate from external factors such as reputation.
The economic difference between the proposed method and bathtub curve
The ES lifecycle could be not represented clearly, because the time of ES implementation is not long and information about ES is confidential in construction companies in South Korea. In this section, the lifecycle is 10 years for the early (3 years), middle (5 years), and end (2 years) steps based on an interview with the IT consult. The economic difference between the proposed method and the bathtub curve is compared. The initial investment cost is taken as million USD 11,355,000 (1 USD = 1,135.5 KRW; July 21, 2018), which is the initial implementation cost of an ERP system in a construction company in South Korea as of 2012. Another assumption is that maintenance costs are incurred based on the level of maintenance. For example, when the proposed method is applied, the maintenance cost is assumed to be 0.65 (early), 0.58 (middle), (Figure 7) . When the bathtub curve is applied, the maintenance cost is assumed to be 0.65 (early), 0.58 (middle), and 0.67 (end) of the initial investment cost incurred (Figure 1) . The real discount rate is applied as 3.83%, which is the result of Eqn (5) based on the consumer price index and business loan interest rate. For the difference analysis of maintenance costs during 10 years, Eqn (6) is used to change from present value to future value: 1 1 1
(1 ) t FV PV i = + .
(6) The maintenance cost calculated by using the proposed method is approximately million USD 23,186,799 during 10 years, but the maintenance cost calculated by using the bathtub curve is approximately million USD 24,166,115. The difference is about million USD 979,316, and this is 8.62% of the initial investment cost. Although the economic difference includes several assumptions and relative comparisons in this section, the proposed method can contribute to a more accurate estimation of investment costs in decision-making on whether to implement the ES or not.
Conclusions
Maintenance cost of enterprise system (ES) is large because it operates for a long time (Nguyen et al. 2011) . Thus, the maintenance cost is a main economic factor in the decision whether to implement an ES. However, if the construction company has not implemented a similar ES in the past, they have insufficient reference criteria, so accurate estimation of the maintenance cost is difficult. This study proposed reference criteria to estimate maintenance costs based on the causes and level of maintenance. Then, the result was compared with the bathtub curve that is generally used to represent the incidence of maintenance.
First, causes for maintenance were derived based on previous studies (April 2010; IEEE 1219 IEEE -1998 ISO/IEC 14764 2006) , a service level agreement (SLA), and an interview with an IT consultant who has 15 years of experience with ES. Then, the causes were classified as functional enhancement (new development), adaptive maintenance (change of functionality, simple program, and non-function), perfective maintenance (request of batch job, environment setting), and preventive maintenance (speed and data monitoring).
Next, the level of maintenance was analyzed based on urgency, difficulty, and damage during the lifecycle. Among the causes of maintenance, the level of the new development and change of functionality were high during lifecycle, the environment was high during the early and end stages, and data monitoring was high during the early stage. Especially, the integrated level of maintenance was similar to the bathtub curve during the early and middle stages, but different from it during the end stage in which the bathtub curve increases but the integrated level of maintenance decreased slightly because the amount of maintenance was decreased by reconstruction planning of new ES. Thus, the maintenance causes and levels should be considered as well as their incidence when determining whether to invest.
This study proposed reference criteria for the estimation of maintenance cost; the importance of the criteria was compared with the standard incidence of maintenance (bathtub curve). The construction company who has not implemented a similar ES can refer to the proposed reference criteria during negotiation of maintenance contracts with IT company. The IT company can charge appropriate maintenance cost based on the result of this study. However, if the level of maintenance costs is analyzed based on technical characteristics such as complexity, number of components, and system architecture, the accuracy is more improved than using the proposed method involving a survey. In the future, methods to estimate maintenance costs according to technical characteristics will be studied. Furthermore, for implementation decisions regarding an IT system, a decision method based on the main considering factors, such as economic factors (initial investment cost, maintenance cost, expected benefit) and suitability, will be studied.
